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METHOD FOR IMPROVING THE ACCURACY OF CHARACTER 
RECOGNITION PROCESSES 

Related Applications 

[0001] This application claims priority from U.S. Provisional Patent Application No. 
60/221,695, filed July 31, 2000. 
Copyright Notice 

[0002] © 2001 RAF Technologies, Inc. A portion of the disclosure of this patent 
document contains material which is subject to copyright protection. The copyright owner 
has no objection to the facsimile reproduction by anyone of the patent document or the 
patent disclosure, as it appears in the Patent and Trademark Office patent file or records, 
but otherwise reserves all copyright rights whatsoever. 37 CFR §1.7 1(d) & (e). 
Technical Field 

[0003] The present invention relates to the field of character recognition technology 
and, in particular, to a method for accurately constructing a result string from an input 
string using combined confidence indications for alternate versions of the result string to 
help resolve ambiguous characters. 

Background of the Invention 
[0004] In the field of automated character recognition processing, individual input 
pieces comprising an input stream undergo processing in order to identify characters or 
character strings contained within the input pieces. Characters can be alphabetic, numeric, 
symbolic, punctuation marks, etc., and they may be hand written or machine printed. 
Examples of typical input pieces can include data forms, mail envelopes, bank checks, or 
several other types of documents or items that have characters for recognition. 
[0005] Depending on the particular type of input stream, a single character may be the 
subject of the recognition procedures, or several characters may be combined together into 
a character string that is to be recognized. The recognition process may occur using 
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various well-know technologies. For example, with optical character recognition 
technology, a scanner is used to scan the light and dark areas of a character on the input 
piece and generate a corresponding digital representation of that character. In magnetic 
character recognition, a magnetic reader or sensor is used to create a digital representation 
of characters printed with magnetic ink. 

[0006] In typical practice, character recognition processing generates result strings 
(strings of recognized characters) which are generally quite close to what is actually on the 
input piece. However, it is not unusual for character recognition processes to have 
uncertainty about some characters. A typical cause for error in a character recognition 
engine result string is poor quality or lack of clarity in the original input piece. Poor 
printing, sloppy handwriting, smearing, stray marks or lines, or printing atop of graphics, 
form background, or colored or shaded areas can all cause errors in the recognition 
process. One common problem is that of being unable to determine which of two or more 
very similar characters is correct. 

[0007] Manufactures of character recognition engines have adopted various techniques 
to improve character recognition results. Existing techniques, however, have significant 
limitations. For example, one known technique is to generate multiple character 
possibilities for each potentially ambiguous character being recognized. A probability or 
confidence indication is then assigned to each result possibility. The character with the 
highest confidence is then selected for the result output. While this technique can improve 
results in some circumstances, it is typically not helpful in situations that require 
distinguishing between very similar characters (such as the uppercase letter "O" and the 
digit "0," or the uppercase letter "I," the digit "1," and the lowercase letter "1"). Each of 
these similar characters may have very similar, if not identical, confidence indications. 
Simply picking the highest probability character does not always result in a correct result 
string. 

[0008] Another known technique is to obtain a result string (such as a word) through 
recognition processing and then validate the result string against a database of known or 
acceptable result strings (such as a word dictionary or other type of "look-up" dictionary) to 
determine whether the result is valid. While this technique provides some measure of 
objective validation, it is only available if there is a dictionary available. In applications for 
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which there is no look-up dictionary or other objective reference available, other solutions 
must be provided to improve the accuracy of result strings. 

[0009] What is needed, is a system and procedure for character recognition that 
generates result strings with increased accuracy in applications for which the prior 
techniques are either unavailable or unhelpful. The present invention fulfils this need. 

Summary of the Invention 
[0010] An embodiment of the present invention embodies a character recognition 
method for accurately constructing a result string from a plurality of result sets generated 
by processing an input string. Each result set comprises at least one candidate character, 
and each candidate character has an associated confidence indication. A method consistent 
with the present invention can begin by selecting a plurality of character types. Examples 
of character types include numeric, uppercase, lowercase, small caps, symbolic, and proper 
case characters, etc. For each selected character type, a candidate string can be created by 
concatenating a candidate character of the selected character type from each result set. 
Accordingly, there can be as many candidate strings as there are selected character types. 
The associated confidence indication for each concatenated candidate character can be 
combined to form a corresponding combined confidence indication for each created 
candidate string. The created candidate string with the most favorable corresponding 
combined confidence indication, be it numerically or otherwise indicated, can be selected as 
the result string. 

[0011] One particularly valuable aspect of the present invention is that it can provide 
improved results even in applications for which there is no look-up dictionary or other 
reference available to objectively validate the recognized result string. Additional aspects 
and advantages of this invention will be apparent from the following detailed description of 
preferred embodiments thereof, which proceeds with reference to the accompanying 
drawings. 

Brief Description of the Drawings 
[0012] FIG. 1 exemplifies components of a character recognition process implemented 
with the present invention. 

[0013] FIG. 2 illustrates the concept of result sets produced by the character recognition 
process of FIG. 1. 
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[0014] FIG. 3 illustrates the process of choosing from among similar-looking characters 
by constructing and evaluating candidate character strings comprising characters all of the 
same character type. 

Detailed Description of Preferred Embodiments 
[0015] A preferred embodiment of the present invention can be described with 
reference to Figure 1 , which illustrates an example of components in a character 
recognition process. The process indicated in Figure 1 is depicted as an optical character 
recognition process operated on an input piece (such as the mailing address block of a mail 
envelope) 100. In addition to a mail envelope, countless other types of input pieces could 
be used. Other examples include bank checks, various forms, and almost any other type of 
document with data to be extracted. The input piece 100 then is scanned or otherwise 
captured in a digital form 102. Next, the scanned image 102 is processed with an image 
enhancement step 104 and the address block is located 106. Alternative component steps or 
arrangements could also be used during the initial stages of image enhancement 104 and 
address block location 106. For example, the steps could be subdivided or additional steps 
could be implemented to provide a rough, initial image enhancement, followed by location 
of the address block. After the address block is located, the character recognition process 
could conduct additional, more detailed image enhancement specifically on the address 
block. A similar system could be adopted for any input character string, and the current 
procedure is not limited to processing a multi-line character string in the form of a mailing 
address. 

[0016] The next step in a typical character recognition process can be segmentation 
108. Segmentation divides character strings into each individual character for recognition 
purposes. Feature extraction 110 can also be part of the recognition process to help 
distinguish characters and highlight the aspects that make a character unique. The character 
selection and confidence indication step 112 determines the most likely candidate characters 
representing each character found in the character string of the digital image 102. The 
character selection and confidence indication step 112 allows for the generation of a 
character set 114. A typical character set 114 can include candidate characters with 
associated confidence indications for each character in the character string of the digital 
image 102. While Figure 1 illustrates one example of a character recognition process, 
other processes can have more, fewer, or substitute components. It should also be noted 
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that character recognition can be applied in several contexts outside the realm of mail 
address recognition. Various recognition technologies, such as optical character 
recognition, magnetic ink character recognition, or other forms of intelligent character 
recognition, may also be applied. The present invention encompasses all such alternative 
embodiments. 

[0017] In a typical character recognition application, the recognition procedure 
generates results (strings of characters) which are generally quite close to what is actually 
on the input piece. However, it is not unusual for the character recognition process to have 
uncertainty about some characters. For this reason, characters are sometimes 
misrecognized, resulting in the improper substitution of other characters. In order to track 
and convey the uncertainties in the results, character recognition engines typically produce, 
for each input character, a set of candidate characters and some associated probability or 
confidence indication for each candidate character. The confidence indication provides a 
measure, quantitative or qualitative, of how confident the system is that it successfully 
recognized the input character. The set of candidate characters and associated confidences 
can then be sorted according to the probability of match, typically, from best to worst. 
This organization scheme can be referred to as a "result set". Unfortunately, some 
characters are so difficult to tell apart, particularly in some fonts, that they will occur in the 
result set with almost or exactly the same confidence indication. A good example of this is 
the letter "O" and the digit "0," which are identical or almost identical in some fonts. 
Another good example is the uppercase letter "I," the lowercase letter "1," the digit "1," 
and, sometimes, the lowercase letter "i," which are visually very similar in many fonts. 
Examples of similar groupings where the characters are not quite so alike, and hence may 
often occur in the results set with sometimes considerably different probabilities, are the 
uppercase letter "B" and the digit "8," or the lowercase "b," the digit "6," and, to a lesser 
extent, the lowercase letter "h". An example of typical result sets for characters 
comprising the word "BOIL" is illustrated in Figure 2. 

[0018] Figure 2 illustrates the creation of result sets by a character recognition process. 
In Figure 2, the character recognition process 200 receives a digital representation of an 
input string 202 to generate result sets 204a through 204d for each corresponding character 
206a through 206d of the input string 202. In the graphical representation of Figure 2, 
each result set is designated in a tabular form comprising two columns and as many rows as 
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there are candidate characters generated by the character recognition process for that 
specific result set. The first column in each result set presents the candidate characters. 
The second column presents the associated confidence indication for each candidate 
character. It should also be noted that while Figure 2 illustrates associated confidence 
indications in a quantitative context, with numeric values, any type of confidence indication 
could also be used (such as qualitative descriptive terms). As stated above, the candidate 
characters in a result set 204a through 204d are organized in descending order from 
highest confidence indication to lowest confidence indication. Any other suitable 
organizational method could also be implemented within the scope of the invention. 
[0019] The input string 202 of Figure 2 also contains two ambiguous characters, 206b 
and 206c. The uppercase letter "O" character 206b of the input string 202 generates a 
result set 204b of candidate characters including the digit "0" with an associated confidence 
indication of 98 percent, the uppercase letter "O" with an associated confidence indication 
of 98 percent, and the uppercase letter "Q" with an associated confidence indication of 64 
percent. Similarly, the uppercase letter "I" character 206c of the input string 202 generates 
a result set 204c with a numeral "1" and an associated confidence indication of 95 percent, 
a uppercase letter "I" and an associated confidence indication of 95 percent, a lowercase 
letter "1" and a confidence indication of 95 percent, and a lowercase "i" and a confidence 
indication of 73 percent. The result sets 204a through 204d of Figure 2, and the 
individual candidate characters and associated confidence indications they include, can then 
be used to generate an accurate result string. 

[0020] Figure 3 illustrates a procedure for creating an accurate result string according 
to an embodiment of the present invention. It demonstrates choosing among similar 
looking characters by assuming that all characters in the character string are of the same 
character type. Examples of character types include numbers, uppercase, small caps, 
proper case, or lowercase characters, or characters belonging to any of several other 
predefined symbol or letter sets (including multiple languages, proper names, or specific 
alphanumeric character types—such as Canadian postal codes). The input string 300 in 
Figure 3 includes six characters 320a through 320f comprising the word "BOILER" as an 
input string 300. The input string 300 is subjected to a character recognition process 302 to 
yield a plurality of result sets 304. The individual result sets 304a through 304f 
correspond to the original input characters 320a through 320f . Result set 304d contains 
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only one candidate character, the uppercase letter "L". This indicates that the initial 
character 320d was not determined to be ambiguous by the character recognition process 
302. On the other hand, the uppercase letter "I" input character 320c generated a result set 
304c with four candidate characters, three of which had an identical confidence indication. 
This indicates that the letter "I" was highly ambiguous to the character recognition process 
302. 

[0021] Candidate strings can be generated from the candidate characters in the result 
sets 304a through 304f . The first string indicated as a possible final result string 306 was 
constructed by concatenating the candidate character from each result set 304a through 
C 304f that had the highest associated confidence indication 322. Where two or more 

candidate characters had an identical confidence indication, the candidate character higher 

Ls. 

J in the result set table was selected 322. Although the first possible final result string 306 

^ generated a high combined confidence indication 308 of 95 percent, the result string is 

^ incorrect. It incorrectly incorporates two numbers along with the letters to proffer 

s 

p "BOILER" as the first possible result string 306. However, by making a simple assumption 

that all characters in the initial input string 300 were of the same type, a more accurate 
result string can be obtained. 
H f [0022] Figure 3 also illustrates two candidate strings constructed according to a 

preferred embodiment of the present invention. In a preferred embodiment, the first step is 
to select a character type. In Figure 3, the second candidate string 310 is constructed using 
uppercase letters as the character type. The third candidate string 314 is constructed using 
numerals as the character type. 

[0023] The second candidate string 310 is constructed by concatenating the uppercase 
letter with the most favorable confidence indication from each of the result sets 304a 
through 304f. For example, in the result set 304a for the input character "B" 320a, the 
best uppercase letter is the uppercase letter "B" with an associated confidence indication of 
93 percent. In the result set 304b for the input character "O" 320b, the best uppercase 
candidate character is the letter "O," with an associated confidence indication of 97 percent 
(which is a more favorable confidence indication than the 38 percent associated with the 
uppercase candidate character "Q"). Continuing through each of the result sets 304a 
through 304f in this matter allows the candidate string 310 to be concatenated from each of 
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the candidate characters with the most favorable associated confidence indication for each 
selected character type. 

[0024] The third candidate string 314 is created by concatenating the best numeric 
candidate character from each result set 304a through 304f . Figure 3 also illustrates the 
implementation of contingency rules for use in concatenating the character string. For 
example, in creating the third candidate string 314, a contingency rule 318 is applied 
whereby if a result set 304a through 304f does not include a candidate character of the 
selected character type, a substitute character (an uppercase letter in Figure 3) can be used 
in concatenating the candidate string 314. Although the substitute character can be included 
in the candidate string 314, a confidence indication of less than the original associated 
confidence indication can be ascribed to the substitute character. This accounts for the fact 
that the substitute character is being included as a default selection in a string of characters 
of a different type. A benefit of using a substitute character is that it allows the candidate 
strings 310 and 314 to contain the same number of characters. Having the same number of 
characters in the candidate strings 310 and 314 facilitates comparison of weighted averages 
for each of the candidate strings confidence indications (as described below). In Figure 3, 
a confidence indication of zero is ascribed for substitute characters 318. 
[0025] Once the candidate strings 310 and 314 have been concatenated, a combined 
confidence indication 312 and 316 is calculated for each candidate string 310 and 314. 
Any type of mathematical formulation can be used, as long as it indicates a combined 
confidence indication for each candidate string 310 and 314. In a preferred embodiment, a 
weighted averaging system is used. As is illustrated in Figure 3, the combined confidence 
indication 312 for the second candidate string 310 is the sum of the associated confidence 
indications for each of the candidate characters comprising the candidate string 310, divided 
by the total number of candidate characters in the candidate string 310. The same 
formulation is applied to calculate the combined confidence indication 316 for the third 
candidate string 314. The calculation for the third combined confidence indication 316 in 
Figure 3 illustrates the use of ascribed confidence indications (e.g., zero) 324 for substitute 
candidate characters 326 in the candidate string 314. Once the combined confidence 
indications 312 and 316 have been calculated, a result string can be selected as the 
candidate string 310 and 314 with the highest combined confidence indication 312 and 316. 
In Figure 3, the second candidate string 310 is selected as the result string because its 
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combined confidence indication 312 is more favorable than the combined confidence 
indication 316 of the third candidate string 314. Due to the fact that numeric confidence 
indications are used, the second candidate string 310 is selected as the result string because 
its combined confidence indication of 95 percent 312 is a higher numeric confidence 
indication than the combined confidence indication of 39 percent 316 for the third candidate 
string 314. 

[0026] It is important to note that, in certain circumstances, the selected character type 
can require concatenation of candidate characters that may independently appear to belong 
to multiple character types. As used in this specification and the attached claims, the term 
"character type" is used in this broad context and includes character types that give 
consideration to any known or suspected pattern of characters comprising the a character 
string as a whole. For example, the "proper case" character type is commonly found in 
several mail and form processing character recognition applications. Proper names, like 
"George," provided one illustration of a proper case character type, meaning that the first 
character in the word is uppercase and the subsequent characters are lowercase. Applying 
the method described for Figure 3, including adopting contingency rules, and selecting 
proper case as the character type, would result in creation of the candidate string 
"BOiLER," with a confidence indication of 26% = (93+0+66+0+0+0)/6. Thus, a 
proper case candidate string would not be selected as the result string in the example 
illustrated in Figure 3, because of its low combined confidence indication. However, with 
proper case strings like "George" or "Mary," a proper case candidate string will typically 
produce the highest combined confidence indication. 

[0027] The prior example illustrates the flexibility afforded to embodiments of the 
present invention. By knowing some information about what type of input string is 
expected, a character type can be selected to optimize the accuracy of the final result string. 
Similarly, a wide variety of multiple character types can be selected and applied for a single 
input string if the type of input string is either unknown or widely varied. Character types 
can be defined so that the extraction of candidate characters from the result sets can be 
controlled not just by proper case rules, as described above, but by any other known or 
suspected pattern in the input string. In this manner, a character type can be defined, or 
custom-created, for any known or suspected type of input string. For instance, Canadian 
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postal codes, such as "V5G2K6," have a pattern of alternating uppercase letters and 
numbers. 

[0028] For character recognition systems processing Canadian postal input strings, a 
"Canadian post" character type can be selected (or defined, if it does not already exist). 
Part of the definition of the character type includes designating other character types that 
are subsets of the selected character type and the position at which those other character 
types are expected in the input character string. In addition to designating a fixed position 
where a subset character type is expected, a pattern can be designated. An example of this 
would be alternating numbers and letters, beginning with a number initially, regardless of 
the character string length. Combining a pattern of multiple subset character types into a 
single character type can also be used with symbol character types. Examples include 
instructing a character recognition engine to expect groups of three, two, and four numbers, 
separated by dashes, if the input string includes United States social security numbers, or 
numbers separated by parentheses and dashes, if the input string includes United States 
phone numbers. 

[0029] Continuing with the Canadian post example, the "Canadian post" character type 
can be thought of as a superset to the two subset character types: uppercase and numeric. 
The Canadian post character type also extracts candidate characters from the result sets 
using the subset character types in an expected order (i.e., uppercase, numeric, uppercase, 
numeric, uppercase, numeric). Applying character types that employ a known or suspected 
pattern in the selection of candidate characters will typically produce a final candidate string 
with a high combined confidence indication if the input string is, in fact, of that type. 
Otherwise, a lower combined confidence indication will be produced. 
[0030] In the application illustrated in Figure 3, a preferred embodiment of the present 
invention accurately constructed the result string, "BOILER," from result sets 304a 
through 304f that would have generated an incorrect result string of "BOILER" 306 had 
simply the candidate character with the highest confidence indication or highest placement 
in each result set been used to concatenate the result. This aspect of the present invention 
provides a significant advantage over the prior art. Additionally, the present invention 
operates effectively and provides a method for improving result string accuracy in 
applications for which there is no look-up dictionary or other reference available to 



10 



Pd2-4321318-1 29094/1'j 

objectively verify the result strings, which is the most difficult case for improving the 
accuracy of results. 

[0031] It will be obvious to those having skill in the art that many changes may be made 
to the details of the above-described embodiments of this invention without departing from 
the underlying principles thereof. The scope of the present invention should, therefore, be 
determined only by the following claims. 
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